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Twenty-one patients were studied who underwent thallium-
201 stress-redistribution single photon emission computed 
tomography (SPEeT) both before and after coronary ar-
tery bypass grafting (n = 15) or transluminal coronary 
angioplasty (n = 6). All patients underwent thallium imag-
ing 15 min, 4 h and late (18 to 72 h) after stress as part of 
the preintervention thallium-201 scintigram. 
In a total of 201 tomographic myocardial segments with 
definite post-stress thallium-201 perfusion defects in which 
the relevant coronary arteries were subsequently success-
fully reperfused, the 4 h redistribution images did not 
predict the postintervention scintigraphic improvement: 67 
(85 % ) of the 79 4 h reversible as well as 88 (72 % ) of the 122 
4 h nonreversible segments improved (p = NS). The 18 to 
72 h late redistribution images effectively subcategorized 
the 4 h nonreversible segments with respect to postinter-
The unique property of thallium-201 to redistribute in the 
myocardium has led to its widespread application for the 
assessment of myocardial viability (1-3), Initial defects 
provide information regarding regional blood flow (1,4), 
whereas the subsequent filling in or reversibility of the 
perfusion defects has been used to differentiate viable from 
infarcted myocardium (5-7), Conventionally, poststress thal-
lium-20l imaging is begun within 15 min and the redistribu-
tion imaging at approximately 2 to 6 h after intravenous 
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vention scintigraphic improvement: 70 (95%) of the 74 late 
reversible segments improved after intervention, whereas 
only 18 (37 %) of the 48 late nonreversible segments im-
proved (p < 0.0001). 
The frequency of late reversible defects and the fre-
quency of postrevascularization improvement of late non-
reversible defects are probably overestimated by this study 
because of referral biases. The cardiac counts and target to 
background ratios from late redistribution studies resulted 
in satisfactory cardiac images for visual interpretation. For 
optimal assessment of the extent of viable myocardium by 
thallium-201 scintigraphic studies, late redistribution imag-
ing should be performed when nonreversible defects are 
observed on 4 h redistribution images. 
(J Am Coil CardioI1988;12:1456-63) 
administration of thallium-201. Nonreversible perfusion de-
fects at the 4 h redistribution imaging are usually interpreted 
as representing infarcted myocardium. 
Several studies utilizing stress-redistribution planar imag-
ing have demonstrated, however, that thallium-201 defects 
persisting on 2 to 3 h redistribution imaging did not reliably 
predict infarcted myocardium, These nonreversible thallium 
defects frequently exhibited a normal thallium pattern after 
coronary angioplasty (8) or coronary artery bypass surgery 
(9). In addition, a relatively high frequency of nonreversing 
thallium defects were noted to have persistent myocardial 
tissue metabolic activity by positron emission tomographic 
analysis of 18F-2-deoxyglucose metabolism (10). These re-
sults raise questions regarding the usefulness of thallium 
imaging for predicting myocardial viability versus infarction. 
We previously observed with planar thallium-20l imaging 
(11) that nonreversible defects at 4 h redistribution imaging 
occasionally reverse by 18 to 24 h after thallium injection. 
This "late reversibility" was sho~n to be associated with 
normal or hypokinetic wall motiO'Il and a paucity of Q waves 
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(11). However, the utility of late redistribution thallium 
imaging as a predictor of the perfusion response after revas-
cularization has never been assessed. Furthermore, the 
question as to whether the quality of late redistribution 
thallium images is generally satisfactory for visual interpre-
tation was not addressed. 
Thus, the purpose of this study was to clarify, with use of 
single photon emission computed tomography (SPECT), the 
physiologic significance of thallium-20llate imaging patterns 
by systematically comparing the pre- and postrevasculariza-
tion scintigraphic findings. In addition, analyses of cardiac 
count statistics were performed to quantitatively evaluate 
the quality of late redistribution imaging. 
Methods 
Study patients. Twenty-eight patients were identified 
within our data base who had the following: 1) exercise or 
dipyridamole thallium-201 SPECT with poststress, 4 hand 
late (18 to 72 h post-stress, average 24 h) redistribution 
imaging and at least one myocardial segment with a nonre-
versible defect at 4 h imaging; and 2) successful angioplasty 
or bypass surgery of the associated coronary artery(ies) after 
the SPECT stress-redistribution study. Of these, 21 patients 
(20 male, 1 female; mean age ± SD 65 ± 10 years, range 47 
to 86) completed a repeat SPECT thallium-20l stress-
redistribution study after intervention and constituted the 
study population. Of the remaining seven patients, one died, 
four lived out of town, one was lost to follow-up and one had 
angina after intervention suggesting inadequate revascular-
ization or restenosis of the coronary lesion. Late imaging 
was preferentially performed in our laboratory in patients 
with a 4 h nonreversible defect that was considered likely to 
reverse late; that is, patients with no prior myocardial 
infarction who had a positive stress electrocardiogram 
(ECG) or convincing symptoms of angina, or both. 
The time interval (mean ± SD) between the first thallium 
study to the revascularization intervention was 48 ± 56 days 
(range 2 to 200) and between the intervention to the second 
thallium study was 214 ± 197 days (range 8 to 742). Eleven 
patients had historic and ECG evidence of prior myocardial 
infarction, anterior in six and inferior in five. Two patients 
had a perioperative inferior myocardial infarction that did 
not involve the myocardial territory in association with a 
nonreversible preoperative thallium perfusion defect. 
The indications for the repeat stress-redistribution thal-
lium-201 SPEeT scintigrams were routine postoperative 
evaluation in 18 asymptomatic patients and development of 
nonanginal chest discomfort in 3. Eight of the asymptomatic 
patients were called back specifically to have the post-
intervention SPECT thallium-20l study. 
An additional four men (mean age 53 ± 13, range 33 to 62) 
with <5% likelihood of coronary artery disease based on 
Bayesean analysis (12,13) underwent 4 hand 24 h redistri-
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bution SPECT thallium-201 imaging to serve as controls for 
late imaging count statistics. 
Stress protocol. Treadmill testing was performed with use 
of the standard Bruce protocol with 12 lead ECG monitoring 
during each minute of exercise and continuous monitoring of 
leads VI' V5 and aVF. Exercise end points were physical 
exhaustion, development of severe angina, sustained ven-
tricular tachyarrhythmia or exertional hypotension. All pa-
tients were routinely instructed to withhold beta-adrenergic 
blocking or calcium antagonist agent for 24 to 48 hand 
long-acting nitrates for 6 h before testing. In one patient, 
hyperemic "stress" was achieved with the use of 0.56 mg/kg 
intravenous dipyridamole, infused over 4 min with thallium-
201 injection 4 min after termination of infusion. 
SPEeT thallium-20t scintigraphy. At near maximal exer-
cise, 3 to 4 mCi of thallium-201 was injected intravenously, 
and exercise was continued for an additional minute. Begin-
ning at approximately 15 min, 4 h and between 18 to 72 h (in 
the pre intervention thallium studies) after injection of thal-
lium, the patients were imaged with the use of a rotating 
gamma camera. Thirty or 32 projections were obtained over 
a semicircular 180° arc extending from the 45° right anterior 
oblique to the left posterior oblique projection. The stress 
and 4 h studies were imaged for 30 to 40 s per projection. All 
late imaging used 45 s per projection except for the very late 
(72 h) redistribution imaging, which was performed using 60 
s per projection. 
A large field of view scintillation camera with 75 photo-
multiplier tubes and a 0.25 in. (0.64 cm) thick sodium iodine 
crystal was used, equipped with a low energy, all-purpose 
parallel hole collimator. A 20% energy window centered on 
the 68 to 80 keY peak and a 10% window centered on the 167 
keY peak were used. All projection images were stored on 
magnetic disk using a 64 x 64, 16 bit matrix. Each of the 32 
projection images was corrected for non uniformity with a 30 
million count image of a uniform cobalt-57 flood source, 
obtained weekly. The mechanical center of rotation was 
determined from the projection data to align the detector 
data with respect to the reconstruction matrix (14). The raw 
data were initially smoothed with a 9 point weighted average 
algorithm. Filtered backprojection was then performed using 
a low resolution Butterworth filter with a cutoff frequency of 
0.20 cycles of pixel, order 5, to reconstruct transverse axial 
tomograms each of 6.2 mm thickness encompassing the 
entire heart. Sagittal and oblique tomograms parallel to the 
long and short axes of the left ventricle were extracted from 
the filtered transaxial tomograms by performing a coordinate 
transformation with the appropriate interpolation (15). No 
attenuation or scatter correction was used. 
For assessment of counting statistics, myocardial counts 
were determined in a region of interest placed over the entire 
myocardium in a single 45° left anterior oblique tomographic 
projection (smoothed raw data). The background counts 
were obtained by placing a rectangular region of interest (5 x 
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Figure 1. Diagrammatic thallium-201 SPECr iinages illustrating 
assignment of anatomic left ventricular segments and vascular 
territories. Segments 1,7,13 = anterior; 2,8,14 = anteroseptal; 
3,9,15 = inreroseptal; 4,10,16 = inferior; 5,11,17 = inferolateral; 
6,12,18 = high lateral; 19 = anteroapical and 20 = inferoapical 
regions of the left ventricle. LAD = left anterior descending 
coronary artery; LCX = left circumflex coronary artery; RCA = 
right coronary artery. 
5 pixels) over the lung field, adjacent to the high posterolat-
eralleft ventricular wall. Myocardial and background counts 
were determined on 15 min, 4 h and late (18 to 72 h) images 
of all preintervention SPECT thallium-201 studies and were 
expressed as average pixel counts. The target to background 
ra,tios were then calculated by dividing the myocardial 
counts by that of the background counts. 
Scintigraphic and ECG interpretation. For purposes of 
visual interpretation, all short-axis and vertical long-axis 
tomograms were displayed on transparency film with the 
intensity of each image normalized to the maximal pixel 
value in that image. Separate films were obtained displaying 
aligned slices of the post-stress and 4 h and post-stress and 
18 to 72 h studies. 
The thallium-201 myocardial tomograms were divided 
into 20 segments for each patient. These segments were 
assigned, on six evenly spaced regions in the apical, mid-
ventricular and basal cuts of the short-axis views and the 
anteroapical and inferoapical segments of the mid-vertical 
long-axis cut (Fig. 1). All pre- and postrevascularization 
tomographic images were scored at separate times by con-
sensus of two experienced observers (D.S.B., J.M.) using a 
four point scoring system (0 = normal, 1 = equivocal, 2 = 
moderate and 3 = severe reduction of thallium-201 uptake) 
without knowledge of the clinical history, ECG results, the 
results of coronary angiography or the results of the other 
thallium study. A post-stress perfusion defect was consid-
ered present when a myocardial segment had an initial 
post-stress score ;:::2. Stress defects with a score :s1 at 4 h 
redistribution imaging were called "4 hour reversible" and 
defects with a score ;:::2 were "4 hour nonreversible." The 4 
h nonreversible defects were further categorized according 
to their late reversibility pattern: those with a score of :s 1 at 
late redistribution imaging were "late reversible," and those 
with a score ;:::2 were "late nonreversible." The categoriza-
tion of stress defects with a 4 h score of 1 as reversible and 
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stress defects with a score of 3 and 4 h score of 2 as 
nonreversible was based on our previously published 
method for thallium-201 visual interpretation (16). 
A preintervention thallium-20l perfusion defect was con-
sidered improved after intervention if its postintervention 
initial thallium score was 0 or 1. An alternative analysis 
required also the postintervention 4 h score of < 1 to be 
considered improved, so that occasional postintervention 
reverse redistribution of thallium, defined as segments with 
initial post-stress score of 0 or 1 and 4 h score of 2 or 3, 
would not be considered improvement. 
The stress ECG was considered positive if there were;::: 1 
mm of horizontal or downsloping or ;::: 1. 5 mm upsloping ST 
segment depression occurring at 0.08 s after the J point on 
any of the surface ECG leads. 
Assignment of vascular territories. The assignment of 
tomographic myocardial segments to vascular territories was 
based on the modified version of our previous work on 
SPECT -angiographic correlations (17) (Fig. 1). As a rule, the 
anterior and anteroseptal segments of the apical, mid-
ventricular and basal short-axis views plus the anteroapical 
and ihferoapical segments of the vertical long-a~is views 
were assigned to the left anterior descending coronary artery 
territory. The inferoseptal and inferior segments of the 
short-axis views were categorized as belonging to the right 
coronary artery territory and the lateral segments of the 
short-axis cuts were assigned to the left circumflex coronary 
artery. For the purposes of this study, minor adjustments in 
assignment of a myocardial region to a coronary artery were 
made based on the specific SPECT-angiographic correla-
tions in individual patients. 
Coronary arteriography. Coronary arteriography was 
performed within 28 ± 43 days (range 1 to 180) of the 
preintervention SPECT thallium-201 scintigrams with use of 
the standard Judkins approach. The coronary arteriograms 
were interpreted by two experienced observers who were 
unaware of the stress-redistribution thallium scintigraphic 
results. Each coronary lesion was graded as showing com-
plete (100%) occlusion or ;:::90 to <100%, ;:::70 to <90 or 
<70% luminal diameter narrowing. 
Statistical analysis. Comparisons of proportions were 
made with use of a chi-square statistic or, when appropriate, 
Fisher's exact test. Cardiac counts and target to background 
ratios of the patients with coronary artery disease and the 
subjects with a low likelihood of disease were compared with 
Mann-Whitney U tests, which were adjusted for mUltiple 
tests using the Bonferroni correction. All continuous mea-
sures were summarized as the mean values ± SD. The alpha 
level of significance was set at 0.05 and, for sets of hypoth-
eses involving multiple tests, the family wise type I error rate 
was :s0.05. All analyses were performed using the BMDP 
statistical software. 
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Figure 2. Relation between the percent of segments improving after 
intervention and the pre intervention 4 h imaging pattern. 
Results 
Clinical and ECG responses to exercise. While 7 (33%) of 
the 21 patients had stress-induced chest pain and 8 (38%) had 
a positive stress ECG (with 11 patients having either chest 
pain or a positive stress ECG) during the preintervention 
stress testing, none had stress-induced symptoms or ECG 
changes during the postintervention study. 
Preintervention SPECT thallium-201 findings. Of a total 
of 420 myocardial segments in the 21 patients, 312 were 
supplied by the 46 coronary arteries that were successfully 
reperfused. Intervention consisted of bypass surgery in 40 
vessels (15 left anterior descending, 12 right coronary and 13 
left circumflex coronary arteries) and angioplasty in the 
remaining 6 vessels (3 left anterior descending, 3 right 
coronary arteries). On post -stress images of the preinterven-
tion thallium-20l studies, 201 segments (64%) had a definite 
perfusion defect (visual score of 2 or 3), 97 (31%) were 
judged normal (score of 0) and 14 (5%) equivocal (score of 1). 
Of the remaining 108 myocardial segments, whose coronary 
arteries were not reperfused, 19 (17%) were scored as having 
a definite defect, 82 (76%) as normal and 7 (6%) as equivocal. 
Reversibility patterns of the preintervention post-stress 
defects. In the 21 patients there was a total of 220 preinter-
vention post-stress defects; 88 (40%) were reversible and 132 
(60%) were nonreversible at 4 h. Of the latter, 84 (64%) were 
late reversible and 48 (36%) were late nonreversible. There 
were 201 segments with a stress perfusion defect that was in 
the vascular territory of the reperfused vessel; 79 (39%) of 
those were reversible and 122 (61%) were nonreversible at 4 
h. Of these 1224 h nonreversible segments, 74 (61%) were 
late reversible and 48 (39%) were late nonreversible. In the 
11 patients with prior infarction 45 (56%) of 81 segments 
were late reversible, whereas in the 10 patients with no prior 
infarction, 29 (71%) of the 41 4 h nonreversible segments 
were also late reversible (p < 0.05). 
Relation between preintervention 4 h imaging pattern and 
postintervention scintigraphic improvement. Results in the 
201 segments subjected to intervention are illustrated in 
Figure 2. Of the 79 preintervention 4 h reversible segments, 
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Figure 3. Relation between the percent of segments improving after 
intervention and the preintervention late (18 to 72 h) imaging 
pattern. 
67 (85%) improved after intervention. One segment that did 
not improve was in the territory of perioperative infarction. 
The subgroup of 4 h reversible segments with a 4 h visual 
score of 1 (partially reversible) also had similar postinterven-
tion improvement (42 [82%] of 51 segments). Importantly, of 
the 122 4 h nonreversible defects, 88 (72%) also improved 
after intervention (p = NS). When the analysis for postin-
tervention improvement was based on the postintervention 4 
h thallium redistribution scores, 84 (69%) of the 4 h nonre-
versible segments improved after intervention. The differ-
ence was due to the presence of four segments that were 
nonreversible at 4 h and displayed the reverse redistribution 
pattern after intervention. 
Relation between pre intervention late reversibility and 
postintervention improvement. Subdivision of the 122 seg-
ments demonstrating 4 h nonreversibility into late reversible 
and late nonreversible zones is illustrated in Figure 3. Of 74 
myocardial segments exhibiting late reversibility at preinter-
vention imaging, 70 (95%) improved after intervention. The 
four segments that did not improve were all in the subgroup 
of 37 segments with a late visual score of 1 (late partial 
reversibility). When the analysis for postintervention im-
provement was based on the postintervention 4 h visual 
scores, 66 (89%) improved. The difference was again due to 
the presence of the four segments noted earlier that were 
nonreversible at 4 h preintervention but displayed the re-
verse redistribution pattern after intervention; all four dem-
onstrated late reversibility before intervention. Eighteen 
(37%) of the 48 late nonreversible defects were associated 
with postintervention improvement (p < 0.0001 versus late 
reversible segments). Thus, the late redistribution pattern 
was more predictive of the postintervention scintigraphic 
outcome than was the 4 h pattern. Subgroups of the late 
nonreversible segments with visual scores of 3-3-2 and 3-2-2 
showed postintervention improvement to be evenly spread, 
being 38% (3 of 8 segments) and 36% (4 of II segments), 
respectively. 
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Fig~re 4. ~elation of thal~iu~-20 I redistribution patterns to percent 
l~mmal diameter narrowmg m the 220 segments with preinterven-
tlOn post-stress defects. Percent stenosis is categorized as shown at 
the bottom. 
Relation between degree of coronary stenosis and time to 
redistribution of thallium·20t stress defect (Fig. 4). Coronary 
arteries with severe lesions (>90% stenosis) supplied 45 
(94%) of the 48 late nonreversible, 71 (85%) of the 84 late 
reversible and 57 (65%) of the 88 4 h reversible segments (p 
= 0.000l). The chi-square test for association between time 
to redistribution (nonreversible, late reversible or reversible 
by 4 h) and the degree of coronary stenosis was also 
statistically significant (p = 0.0003). 
Cardiac count statistics. For the 21 patients with coro-
nary artery disease, the average pixel count of the immediate 
post-stress myocardial images was 71 ± 18. At 4 h, the count 
was 45 ± 10 or 65% of the initial image count. In the 18 
patients whose late redistribution imaging was performed at 
18 to 24 h after thallium-20l injection, the average cardiac 
image count was 40 ± 8 or 89% of the 4 h cardiac image 
count. In the three patients whose late redistribution imaging 
was performed at 72 h after thallium-201 injection, the count 
was 26 ± 4 or 67% of the 4 h cardiac image count. The 
relatively minor differences in cardiac count between 4 and 
24 h as well as between 24 and 72 h late redistribution images 
were partly related to the increase in imaging time for the 
late redistribution images. The cardiac image counts of the 
four patients with a low likelihood of disease acting as 
controls were similar (p = NS) to those of the patients with 
coronary artery disease with the immediate post-stress car-
diac count of 71 ± 16, 4 h count of 43 ± 11 and 24 h count of 
41 ± 6 (Table 1). 
For the patients with coronary disease, the average target 
Table 1. Cardiac Image Counts (mean ± SD)* 
Coronary Artery Disease Low Likelihood of Disease 
p 
Image Mean Range No. Mean Range No. Value 
Initial 71 ± 18 37 to 107 21 71 ± 16: 61 to 95 4 NS 
4h 45 ± 10 22 to 64 21 43 ± II: 35 to 58 4 NS 
24 h 40 ± 8 21 to 52 18 41 ± 6: 35 to 49 4 NS 
72h 26 ± 4 22 to 30 3 
* Average counts per pixel. 
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Table 2. Target to Background Ratios (mean ± SD) 
Coronary Artery Disease Low Likelihood of Disease 
p 
Image Mean Range No. Mean Range No. Value 
Initial 2.5 ± 0.5: I 1.8 to 3.5 21 3.0 ± 0.1:1 2.8 to 3.2 4 NS 
4h 2.1 ± 0.3:1 1.6 to 2.6 21 2.2 ± 0.2: 1 2.0 to 2.5 4 NS 
24 h 1.7 ± 0.2:1 l.4t02.0 18 1.7 ± 0.3: 1 1.5 to 2.2 4 NS 
72h 1.6 ± 0.2: 1 1.5 to 1.8 3 
to background ratio was 2.5 ± 0.5: 1 for the poststress 
images. At 4 h, the ratio was 2.1 ± 0.3: 1 or 83% of the 
poststress ratio. The ratio for the 18 to 24-h image was 1.7 ± 
0.2: 1 or 82% of the 4 h ratio, whereas the ratio for the 72 h 
images of 1.6 ± 0.2: 1 was similar to the 18 to 24 h ratio. The 
target to background ratios of the corresponding images 
from the low likelihood patients were similar (p = NS) for 
the post-stress (3.0 ± 0.1),4 h (2.2 ± 0.2) and the 24 h images 
(1.7 ± 0.3) (Table 2). 
Case example. Figure 5 shows an example of a 61 year 
old diabetic man from this study who had no prior history or 
ECG evidence of myocardial infarction. The patient under-
went dipyridamole-thallium-20 1 study for evaluatioll' of chest 
pain. Immediate post-thallium injection images showed se-
vere reduction of thallium uptake on the anterior left ven-
tricular wall, which corresponded to a severe (>90%) steno-
sis of the proximal left anterior descending artery that also 
involved the major diagonal branch. Coronary arteriography 
also revealed a 50 to 70% stenosis in the first marginal branch 
of the left circumflex artery and diffuse disease in the 
posterior descending branch of the right coronary artery 
with maximal luminal narrowing of 50 to 70%. The thallium 
defect showed minimal reversibility on 4 h redistribution 
imaging but exhibited complete reversibility by 72 h late 
redistribution imaging. After failed angioplasty of the left 
anterior descending artery lesion, the patient underwent 
coronary artery bypass surgery to the left anterior descend-
ing artery and its diagonal branch, marginal branch of the left 
circumflex artery and posterior descending branch of the 
right coronary artery. 
The postintervention SPECT thallium-20l scintigram 
showed normal thallium-201 uptake in the anterior wall. The 
patient sustained an asymptomatic inferior infarct perioper-
atively, which was substantiated by development of a new 
inferior thallium perfusion defect (nonreversible at 4 h) 
evident on the postoperative stress-redistribution thallium 
study. 
Discussion 
This study highlights the importance in SPECT imaging of 
thallium-20l late reversibility in assessment of myocardial 
viability. It is the first study to assess the relation of late 
reversible and late nonreversible thallium defects to postre-
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vascularization improvement and to provide objective eval-
uation of the quality of late redistribution images. 
Defect reversibility at 4 h redistribution imaging. In this 
study, 85% of thallium perfusion defects that reversed by 4 h 
improved after intervention. This result is consistent with 
other published data (8-10) showing that the presence of 
thallium redistribution at 2 to 4 h represents viable myocar-
dium as evidenced by postrevascularization improvement 
(8,9) or glucose perfusion relations assessed by positron 
emission tomography (10). 
Furthermore, our finding that 72% of the. 4 h nonrevers-
ible defects also improved after revascularization is consist-
ent with that of other investigators (8-10). Liu et al. (8) 
showed that 75% of myocardial regions with a stress planar 
thallium-20l perfusion defect persisting at 3 h delayed imag-
ing were normal at repeat thallium study after successful 
angioplasty. Gibson et al. (9) showed that 45% of myocardial 
segments with a perfusion defect persisting at 2 to 3 h after 
thallium injection at peak exercise demonstrated improved 
or normal perfusion after successful bypass surgery, evident 
by the results of repeat quantitative planar thallium scintig-
raphy. Brunken et al. (10), comparing thallium planar stress-
redistribution scintigraphy with positron emission tomogra-
phy, also showed that 58% of the myocardial segments with 
a nonreversible thallium defect at 4 h imaging exhibited 
evidence of myocardial tissue metabolic activity by 18F-2-
deoxyglucose positron emission tomography. Thus, our ob-
servations, in conjunction with those of others (8-10), high-
light the limitations of the 4 h nonreversible thallium-20l 
defect as a marker of nonviable myocardium. 
Usefulness of late (18 to 24 h) redistribution imaging over 4 
h imaging for prediction of postintervention improvement. In 
the current study, we found that 74 (61%) of 122 of 4 h 
nonreversible defects were reversible by late redistribution 
imaging. Because 70 (95%) of these 74 late reversible defects 
subsequently improved after intervention, late redistribution 
imaging in these patients effectively reclassified 70 (57%) of 
122 of myocardial segments that would otherwise have been 
categorized as infarcted. Thus, 4 h redistribution imaging 
was grossly inaccurate in the prediction of viability, whereas 
the late redistribution greatly improved the identification of 
viable myocardium within the 4 h nonreversible regions. 
Although postrevascularization improvement is not indis-
pensable for viability and could potentially represent an 
increase in regional flow to a territory of subendocardial 
infarction (18), the small number of segments displaying 
reverse redistribution after intervention lends support to the 
notion that the postintervention scintigraphic improvement 
noted in this study was evidence of viability of the associated 
segments. 
Physiologic mechanisms producing late reversibility. Be-
cause the initial distribution of thallium-201 is related to 
blood flow, a hypoperfused myocardial zone will have less 
thallium uptake compared with the nonischemic zones 
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(1,3,4). After the initial thallium distribution, the equilibrium 
regional concentration of myocardial thallium is considered 
to represent the regional distribution of the potassium pool 
and thus the distribution of viable myocardium. The rate at 
which this equilibrium occurs depends on factors that influ-
ence myocardial thallium influx and efflux, which in turn 
depend on the regional blood flow, blood clearance (or 
plasma concentration) of thallium and possibly the integrity 
of the myocardial cells. 
In the case of severe coronary stenosis, the rate of 
thallium-201 delivery in the post-stress period might be 
reduced due to lack of post-stress hyperemia or presence of 
frank rest hypoperfusion. Thus, the influx of thallium would 
be relatively slowed, delaying the achievement of equilib-
rium relative to regions supplied by coronary vessels with 
less severe lesions. That this phenomenon might explain late 
reversibility is partly supported by the results of the current 
study that found that the frequency with which late revers-
ible and 4 h reversible defects correlated with severe (>90%) 
coronary stenoses to be 85% and 65%, respectively (p = 
0.005). A similar trend also was evident in our previous work 
(11), which found a statistically significant inverse relation 
between the degree of coronary stenosis and the rate of 
thallium defect redistribution or reversibility. 
Another potential mechanism for late reversibility is 
related to low plasma concentration of thallium-201. Budin-
ger et al. (19,20) showed that low thallium plasma concen-
tration prevented perfusion defect reversibility up to 4 h 
after thallium administration. Angello et al. (21) demon-
strated that post-stress glucose loading results in decreased 
blood thallium concentration in the initial 2 h after injection. 
Glucose loading led to a high frequency of nonreversible 
defects in regions that demonstrated reversibility at 4 h 
without glucose loading. Late redistribution imaging, how-
ever, was not performed in either of these prior studies. The 
relative importance of decreased flow and low plasma con-
centrations has not yet been assessed. 
The possible role of reduced extraction fraction and the 
potential influence of increased thallium-201 effiux in con-
tributing to late reversibility have also not been evaluated in 
the chronic state. However, in an acute experimental model, 
Goldhaber et al. (22) showed that, with increasing duration 
of ischemia, cellular extraction fraction was unchanged but 
the cells became increasingly leaky. The relevance of these 
findings to the chronic state is unclear. 
Count statistics. Our results demonstrate that the late 
redistribution images in the 21 patients with coronary artery 
disease obtained 18 to 72 h after thallium-20l injection 
maintained satisfactory count statistics. At 24 h, both the 
cardiac count and the target to background ratio were still 
close (89 and 82%, respectively) to values obtained at 4 h 
imaging (because of the use of extended imaging time). Thus, 
image quality remained satisfactory for visual interpretation 
at 24 and even at 72 h after injection (Fig. 5). The acceptable 
STRESS 
4 hour 
72 hour 
POST-OP 
72 hour 
POST-OP 
Fi~ure .5. Th~lIium-201 SP~CT i~age~ in short-axis (left) and long-
aXIs (fIght) vlew~ of a ~atIent wIth trIple vessel disease showing a 
severe decrease In thallIUm-201 activity in the anterior and antero-
septal wall in the pre intervention post-stress images (top row). 
Stress defect reversibility was minimal at 4 h (second row) but near 
complete by 72 h (third row). Thallium-201 post-stress images after 
bypass surgery (fourth row) showed normal uptake in the anterior 
~all and septum. The inferior wall defect in the postintervention 
Images was due to perioperative infarction. 
quality of our late redistribution images was a direct outcome 
?f th~ us~ of higher thallium doses (3 to 4 mCi) and longer 
Imagmg tIme than the 20 to 30 s generally used when SPECT 
imaging was introduced (23,24). Also important was the 
display of each image normalized to its highest pixel count. 
Limitations. Our results may have overestimated the 
frequency (6]%) oflate reversible stress defects. We did not 
sys~emati~ally perform late redistribution imaging on every 
patIent wIth a nonreversible defect at 4 h, and late imaging 
was preferentially performed in patients in whom we ex-
pected that further reversibility might occur (patients with 
no prior myocardial infarction and with a positive stress 
ECG or symptoms of angina, or both). These selection 
biases may also account for the high prevalence rate (72%) of 
~yocardial segments with a 4 h nonreversible defect improv-
mg after revascularization. 
An intervention "referral bias" may have caused the 
rather high frequency of late nonreversible segments (37%) 
improving after intervention. Given a thallium-20] defect 
that was nonreversible at 24 h, patients (or regions) with 
evid~nce of prior myocardial infarction were less likely 
candIdates for revascularization, whereas those without 
evidence of prior myocardial infarction and with ECG or 
clinical evidence of myocardial ischemia would be more 
likely candidates for revascularization. 
The length of the time between thallium-201 studies and 
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intervention was an inherent limitation of this retrospective 
study. This limitation is potentially a factor for an underes-
timation of the sensitivity of late reversibility to predict 
viability of myocardium and improvement after successful 
~evasc?larization. Nevertheless, patients with int~rvening 
mfarctIon were excluded, and nearly all the patients in the 
study had been asymptomatic after revascularization. 
Another limitation is that visual analysis was utilized for 
the interpretation of thallium-20 1 images. A validated 
SPECT quantitative reversibility program for 4 h and late 
imaging has not yet been developed. Problems related to 
observer variability in visual scoring methods (25) were 
minimized by basing determinations on a consensus of 
multiple experienced observers (26,27). 
Clinical implications. Our results suggest that late thal-
lium imaging should improve the differentiation of viable 
from infarcted myocardium. Thus, we recommend that late 
redistribution imaging be routinely performed when a thal-
lium-20] defect unexpectedly persists at 4 h. Late reversi-
bility serves as an accurate predictor of ischemic but reper-
fusable myocardial tissue. More cautious interpretation of 
late nonreversible defects is required for det~rmining the 
extent of infarcted myocardium. Positron emission tomogra-
phy for assessment of glucose metabolism and myocardial 
flow may be of further help in assessing these segments. 
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